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In t roduct ion  
The scope of t he  con t r ac t  i s  being changed a t  t h e  r eques t  of 
NASA-MSFC due t o  a reduct ion i n  program funding. 
duced scope of work involves b u i l d i n g  only t h e  a f t  one-half s e c t i o n  
of the  o r i g i n a l l y  designed and analyzed s h e l l  s t r u c t u r e .  A complete 
set of drawings f o r  t h i s  reduced s i z e  s h e l l  s t r u c t u r e  i s  included i n  
t h i s  r epor t .  S h e l l  f a b r i c a t i o n  is progress ing  smoothly wi th  twelve 
(12) of t h e  requi red  twenty f o u r  (24) graphi te /epoxy o r thogr id  pane ls  
completed and d e t a i l  pa r t s  f o r  t h e  o the r  twelve (12) completed. 
The proposed re- 
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Design 
The a f t  one-half of t he  s h e l l  s t r u c t u r e ,  from s t a t i o n  178.0 
t o  s t a t i o n  257.0 as def ined  i n  f i g u r e  11-14 of the  c o n t r a c t  Phase 
II In t e r im  K e p o r t ,  w i i i  be  f a b r i c a t e d .  The j o i n t s  a t  s t a t i o n  178,n 
have been modified t o  provide e x t e r n a l  f i x t u r e  a t tachment  and t h e  
th ree  Orbi ter lSpace Vehicle  a t tachment  and load r e a c t i o n  assemblys 
have been omitted. An i sometr ic  view of the  development s h e l l  
s t r u c t u r e  i s  shown i n  f i g u r e  1. The complete s h e l l  s t r u c t u r e  t o  b e  
f a b r i c a t e d  is  defined i n  design drawings NAS8-318450, -318451, -318452, 
-318453, -318454 and -318455 included i n  t h i s  r e p o r t .  The only  change 
a n t i c i p a t e d  i n  t h i s  i e s i g n  i s  making t h e  aluminum lug  def ined  i n  
Detail D of drawing NAS8-318450 i n  t h r e e  separate pieces r a t h e r  than  t h e  
as shown i n t e g r a l l y  machined p a r t  which r e s u l t s  i n  a s i g n i f i c a n t  re- 
duc t ion  i n  manufacturing c o s t  wi thout  s a c r i f i c i n g  s t r u c t u r a l  i n t e g r i t y  
of t h e  j o i n t .  
T I  
. 
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F i g u r e  1 
Graphi te /Epoxy O r t h o g r i d  S h e l l  S t r u c t u r e  
3 
MCR- 77-256 
I s sue  2 
S h e l l  Fabr ica t ion  
Fabr ica t ion  e f f o r t  during the  f i r s t  two q u a r t e r s  of Phase I11 
has been d i r ec t ed  towards the  graphi te /epoxy o r thogr id  panels .  The 
b a s i c  elements of t h e  f i n a l  panel design,  shown i n  drawing NAS8-31g455, 
are t h e  or thogrid s k i n  laminated c o n s i s t i n g  of fou r  l aye r s  of _+ 45 
o r i en ted  un id i r ec t iona l  T3C3 g:rc. 11 i : ?/!.34 epoxy t a p e ,  t h e  foam/giberglass  
s t i f f e n e r  web g r id  and s t i f€e i icL 11,iges wi th  e i g h t  l a y e r s  of 0 
g r a p n i t e i  934 epoxy. 
T300 
The main f e a t u r e  of the  or thogr id  pane l  des ign  is  t h a t  it provides  
t h e  p o t e n t i a l  f o r  low c o s t  s t r u c t u r a l  panels  when advanced t o  the  pro- 
duc t ion  phase where i n i t i a l  t oo l ing  c o s t s  can be amortized over a l a r g e  
q u a n t i t y  of panels .  In  a d d i t i o n ,  t h i s  l o w  c o s t  panel  concept does n o t  
s a c r i f i c e  s t r u c t u r a l  e f f i c i e n c y  and a s soc ia t ed  weight savings p o t e n t i a l .  
The l o w  cos t  p o t e n t i a l  i s  a s soc ia t ed  wi th  the  s i m p l i c i t y  and a d a p t a b i l i t y  
t o  mass production of the  precured panel d e t a i l s  and of t h e  panel  assembly. 
The most innovative p a r t  of the  f a b r i c a t i o n  method i s  t h e  foam/f iberg lass  
s t i f f e n e r  web g r i d  b i l l e t  f a b r i c a t i o n  and machining t o  s i z e .  
c a t i o n  of these  d e t a i l s  i n  l a r g e  b i l l e t  form r e s u l t s  i n  a l o w  number of 
f a b r i c a t i o n  manhours p e r  d e t a i l .  The method of machining t h e  requi red  
grooves i n  the  ind iv idua l  web g r i d  segments i s  r e a d i l y  adaptab le  t o  a 
mass production numerical ly  con t ro l l ed  machining setup.  The o the r  de- 
tai ls ,  skins and f l a n g e  s t i f f e n e r s ,  are very  s imple f l a t  laminates  and 
a l s o  adaptable  t o  low c o s t  m a s s  production. 
The f a b r i -  
A t o t a l  of twelve (12) of t he  requi red  twenty four  (24)  graph i t e /  
epoxy othogrid panels  have been f a b r i c a t e d  t o  da te .  
d e t a i l s  fo r  t h e  o the r  twelve (12) panels  have a l s o  been f ab r i ca t ed .  
A l l  of t h e  precured 
. 
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- Panel Skin Laminates - The t o o l  used t o  f a b r i c a t e  two f u l l  s i z e  
skin laminates is shown i n  f igu re  2. 
aluminum p l a t e  mi l l ed  f l a t  on the  top s u r f a c e  w i t h  15 
a long  the  two o u t s i d e  edges. 
l i g h t l y  f i l e d  t o  provide a smooth rad ius .  
cluded, two f o r  p u l l i n g  a vzcuum on t h e  bagged p a r t  and one f o r  vacuum 
gage readout .  The t o o l  i s  scr ibcd  i rgund t h e  edges t o  a i d  i n  l o c a t i o n  of 
graphi te /epoxy l a y e r s  and f i b e r g l a s s  edge reinforcement  f o r  two d i f f e r e n t  
s i z e s  of s k i n  laminates required.  The top  s u r f a c e  w a s  coated wi th  DC-20 
release agent  and heated a t  400°F f o r  two hours.  Before each t o o l  usage, 
the  top  su r face  is a l s o  coated wi th  a t h i n  l aye r  of cera wax t o  a s s u r e  
p a r t  release a f t e r  cure .  
The s k i n  t o o l  c g n s i s t s  of a 6061-T6 
t ape r s  mi l led  
The sharp  edges a t  the  15' break l i n e  w e r e  
Three vacuum p o r t s  are in- 
A t o t a l  of twelve (12) -005 and twelve (12) -003 s k i n  laminates of t h e  
conf igura t ion  s p e c i f i e d  on the panel  drawing have been f ab r i ca t ed .  The 
s k i n  laminates  a l l  e x h i b i t  a small amount of warpage as shown i n  f i g u r e  
2. This  i s  caused by the  d i f f e rence  i n  thermal c o e f f i c i e n t  of expansion 
of t h e  graphi te /epoxy l a y e r s  and t h e  f i b e r g l a s s  c l o t h  edge reinforcement ,  
however, t h i s  w i l l  n o t  a f f e c t  f i n i s h e d  panel  f l a t n e s s  since only  a v e r y  
small amount of p re s su re  i s  requi red  t o  f l a t t e n  the  laminates.  The cured 
s k i n  laminates  are averaging 0.071 cm (0.028 inches)  t h i ck  i n  t h e  c e n t e r  
reg ion  and 0.094 c m  (0.037 inches) t h i c k  i n  t h e  edge re inforced  areas and 
weight 1120 grams (2.70 l b s )  each. 
- Panel  S t i f f e n e r  Flanges - The o r thogr id  pane l  s t i f f e n e r  f l anges  are c u t  
from a laminate  c o n s i s t i n g  of e i g h t  l a y e r s  of 0' o r i e n t e d  graphi te /epoxy 
and th ree  l aye r s  of s t y l e  112 f i b e r g l a s s  c l o t h .  The b a s i c  laminate is 
183 cm (72 inches)  long by 89 c m  (35 inches)  wide and is cured on a f l a t  
aluminum t o o l  prepared i n  a manner s i m i l a r  t o  t h e  s k i n  laminate too l .  
A l l  e i g h t  (8) of t h e  requi red  f l ange  laminates  have been cured wi th  
f i n i s h e d  th ickness  averaging 0.122 cm (0.048) inches and weighing 3350 
grams (7.38 lb s )  each. S t i f f e n e r  f l anges  f o r  f o u r  complete o r t h g r i d  
panels can be  c u t  from one of t h e  b a s i c  laminates. 
5 
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Panel S t i f f e n e r  Web Grid 
The completely assembled panel  web g r i d  b i l l e t  t o o l  i s  shown i n  
f i g u r e  3. 
h a l f  inch t h i c k  6061-T6 aluminum plates toge the r  and m i l l i n g  t h e  s u r f a c e s  
t o  the  f i n a l  dimensions desired.  The sharp  corners  were f i l e d  t o  produce 
a n  e i g h t  inch r ad ius .  
t o  s imula te  t h e  f iberg lass / foam d e t a i l s  t o  b e  used during b i l l e t  f a b r i c a t i o n .  
The t r i a n g u l a r  and square components w e r e  f a b r i c a t e d  by welding 
The complete t o o l  w a s  assembled us ing  wooden spacers  
3 
ghe foam used i n  t h e  web-grid b i l l e t s  i s  a 56.1-kg/m 
l b / f t  ) po lyes t e r  designated ST 823. A main cons ide ra t ion  i n  
s e l e c t i n g  t h i s  p a r t i c u l a r  foam is  t h a t  i t  r e t a i n s  i t s  s t i f f n e s s  t o  
temperatures of 422 K (300°F), which i s  important f o r  f u r t h e r  bond- 
ing  us ing  FM-24 f i l m  adhesive cured a t  394 K (250OF). The material 
w a s  purchased i n  shee t  form ready f o r  s l i c i n g  t o  s i z e  f o r  t he  b i l l e t  
assembly. 
5 .  The FM-24 f i l m  adhesive (0.098 kg/m 
a l l  su r faces  of t h e  foam segments be fo re  assembly of t he  b i l l e t .  
Square and t r i a n g u l a r  f i b e r g l a s s  segments t o  b e  included i n  the  g r i d  
b i l l e t  are precured on aluminum t o o l s  and c u t  t o  s i z e  f o r  i n c l u s i o n  i n  
the  b i l l e t  assembly. The f i b e r g l a s s  l a m i n a t e  c o n s i s t s  of f i b e r g l a s s  
c loth/5208 epoxy r e s i n .  
The f l a t  f i b e r g l a s s  shee ts  requi red  f o r  t h e  ou te r  edges of t h e  b i l l e t  
are precured and c u t  to  s ize .  
FM-24 f i l m  adhes ive  on a l l  su r faces  are assembled i n t o  the  holding t o o l  
( f i g u r e  7) and t h e  b i l l e t  assembly is  cured a t  394 K (250°F) f o r  one 
hour. 
The cured b i l l e t  must be c u t  i n  h a l f  so  t h a t  it w i l l  f i t  in-a band saw. 
The b i l l e t  segment i s  s l i c e d  t o  rough s i z e  on a band s a w  as shown i n  
f i g u r e s  9 and 10. 
t h e  gr inding  f i x t u r e  shown i n  f i g u r e  11. The d iagonal  s t i f f e n e r s  and 
t h e  edge s t i f f e n e r s  are ground t o  t h r e e  d i f f e r e n t  depths  t o  allow f o r  
s t r a igh t - th rough  t r a n s f e r  of s t i f f e n e r  f l anges  a t  i n t e r s e c t i o n s .  This  
i s  done us ing  t h e  f i x t u r e  shown in  f i g u r e  12. Four s l ice  segments are 
requ i r ed  t o  form a s i n g l e  web g r i d  assembly. The segment bonding f i x -  
t u r e  i s  shown i n  f i g u r e  13. The FM-24 f i l m  adhesive is app l i ed  t o  t h e  
down ( sk in )  s i d e  of t he  web g r id .  The web g r i d  ( f i g u r e  14) can now be  
sea led  i n  a p l a s t i c  bag and s t o r e d  i n  a f r e e z e r  u n t i l  needed f o r  f i n a l  
panel  assembly. 
(3.5- 
Foam d e t a i l  s l i c i n g  and g r i n  ing  is  shown i n  f i g u r e s  4 and 
(0.02 l b / f t ? )  i s  app l i ed  t o  !I 
A t y p i c a l  f i b e r g l a s s  d e t a i l  is shown i n  f i g u r e  6 .  
The foam and f i b e r g l a s s  d e t a i l s  w i t h  t h i n  
A cured b i l l e t  with aluminum t o o l i n g  removed is  shown i n  f i g u r e  8. 
The web g r i d  i s  ground t o  a s p e c i f i e d  th ickness  us ing  
, 
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-1 Assembb 
Two orthogrid panels  are assembled and cured on the  t o o l  
shown i n  f i g u r e  15. 
MEK i n  the  g r i d  bond reg ions  as sk:oxn i n  L'igure 16. 
foam web g r ids  wi th  FM-24 adhesive app l i ed  t o  the  bottom s i d e s  are then 
placed on the  s k i n  laminate.  The s t i f f e n e r  f langes  are next  c leaned,  
FM-24 adhesive appl ied  t o  the  bottom s i d e  and pos i t ioned  on top of the  
web g r i d s .  
cure .  Wooden f i l l e r  blocks and aluminum shims are placed i n  the  g r i d  
t o  p a r t i a l l y  support  t h e  vacuum bag t o  a l low f o r  uniform normal downward 
p res su re  during cure.  
panels  and t h e  assembly cured a t  394 K (250 F)  f o r  2 hours.  A f i n i s h e d  
panel  i s  shown i n  f i g u r e  17.  Ten of t he  completed panels  are shown i n  
f i g u r e  18. 
The sk ins  are f i r s t  sanded and cleaned w i t h  
The f i b e r g l a s s /  
The  d e t a i i s  are a i i  taped i n  p i ace  t o  prevent  s l i ppage  during 
A vacuum bag is app l i ed  t o  the  top s u r f a c e  of both 
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Schedule and Budget 
The master program schedule shown in figure 19 outlines the major 
program milestones for the reduced scope program. The budget available 
is currently the subject of negotiation and will be fully defined in 
the next monthly financial report. 
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